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Ar experl mertf’ 1 Inve'^tl3’‘’t3 on of n stond^Ta 
N?)vlon type p^rplpne v;^a undertaker to dete'^mlne the 
fe^^sibMjty cf upJng atntjc flicrht test methr'd? to find 
the ejrcrsft'e djrectlcnal ^nd lateral static stability 
derivatives. It wno aicic desired tc find the variation, 

If any, of these ie-’lvatives with aircraft velocity, power, 
and cor‘'li 5 ura tl on . No attempt was made to determine ^ny 
of the dynamic derivatives, since th's tyre of testlnrc is 
not ^esl^ned to y^eld these derivatives directly. 

With the alrc'"’^ft Inotrumerted to re°i rudder, 
aileron, aiaesllp ^nd roll anrlos, assyraetrlc r^ollinv and 
yawlns^ moments wore introduced to determire -the nrlraary 
'’nd secord'’ry control mome’^ta. 3y fyintr stralcht sideslip 
runs with » rol'' inf^ moment due to a bomb hu’^j on the winj^ 
tin, and c''mpa>^in,-r the-e with runs m'^de without the bomb, 
the primary power is easi'^y found, bimllarly, 

straight '’ide^Mo runs v;lth a target tov/ sleeve on one 
wing tlo creating a yawlncg moment will le'^d to the rudder 
control po'o’er. 

The secondary control moments can be llrectly 
determine-^ ■^’rom the steady state ecfuations of motion, or 
ap-rrxlmated from the prlma^'y moracntr by the u=e of geo- 
metric measureme’^ts of the aircraft. 

Knowing the prlma-’y apd seconda'^y control moments 
the bnsic lateral apd ■^1 recti oral static atamility derivatives 



are found froTi the ecu'’t5ora of mction In atrajght aide- 
"■ijp runs. 

The fli'ht roaeorch protfr^’m clearly indJc'-ted 
that thJa ty^e of teatlncc waa readily adaptable to this 
class of aircraft. The results obtained were readily re- 
peatable on separate flij^hta. 

Definite changes in the computed derivatives 
were found with tie programmed speed and power conditions 
which pointed out th.e necessity of conducting thl^ type of 
broad ccver-acs nicht te°t program. 



05^7-: IN nrlc'M c:<’ '"k Ti'"'!']': r''L’h:x''T 

■■i:u ’ “I 'ji^-ciV/iriVHji F <\N 

A1 <Pl.,;Nii; i7“JA0Y S7''rc, F^T HIT Cb-irTKa 
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since 'i'enlcl Wen IT , thene oeen n trend 

tow'^rd'^ the u<^e '■f fllpht to°tln^ ° menne of obteln- 
5nw or checkins the stability derivetlver of airplanes.’ 
The high cost and doubtful accuracy of results obtained 
froui large acaie, h i sh sneed wind tun’" els has glv'en Is- 
petus to this means of testing. It Is the ou-’pcsa of 

♦'w.' 

thi s 'Inveatl gati on to 'letermlne the feasibility of apply- 
ing some of the recently developed methods of obtaining 
stapldlty derivatives ’to a ll-?ht airplane. 

To deduce '’n airplane's aerody'"am 1 c character- 
istics from a given flight test, it is usually necessary 
to analy/.e th" res’’on?e of the ^1rpl'^r)e to its various 
controls. The major methods now in use deal with the 
dynamic response of the airplane to it"" controls by either 
steady oscillation technlpues or by transient reo'onse. 
technlpues. rowevcr, certain of the lateral stadl‘’ity 
den 1 van 1 ’■/es. can be obtained from nor-dynamlo stea'^y re- 
soonses to the airnlane's controls. 
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The ndvort-’KOo of thi o Tiethod of ts'^’tlriK ere 
f'lirly obvloua. Dyremic reenonpe techrlqueo nonip'’Ty 
requ*re extenalve instruaertatl on to me'^sure the r^’old 
motions of the ft5rp1°ne. The eccu'^acy of any determina- 
tion Is the’-’efore a funetlon of the accur'-cy of the In- 
strumentation '’nd a J<nowled3e of the olrolsne's mass and 
complloated Inertia character 1 stl ca . 'steady,, non-osclll- 
atory resoonse tecbnioues «'re not susceptible to many of 
the Inherent d ■’ff 1 cu Itles experl arced In dynamic testing. 
Therefore, If the airplane Is not severely limited In er- 
durarce, many of the lateral derivatives can be obtained 
with greater accuracy «nd at much less coat by these 
means. 

In this report, the methods for obt'-lnlnc and 
analysing fUcrht test curves for the st'^tlc lateral sta- 
bility derivatives are d‘'=cjssed. In particular. It 
deals with methods of obtaining aileron power, , 

rudder oower , G_ , seconda’^y control momenta and forces, 
'’nd dl>-ectlonal sta’-'llity, , 

dihedral effect, C!i^* rnd ajde force derivative, Cy^. 

The parameters are determined at varying speeds, power, 
and aircraft cc^f Iguratl ono to ascertain what variations 
o c c u r . 

The Investigation was conducted during the 
soring of 1955 by Tleuterart 'H . P. Gmlth, ’’GK and 



Lieutenant I. Votjt, Jr., U3K , wtjile etuiyin? under the 

I 

Deoartment of Aeronautical En^l^eerln^ of Princeton 
University, Princeton, Kew Jeagey. 

Dl'^.T^'mCK C-’ '’F'=:riY 

The enu-atlons of motion of alrolare ■’ater"! 
dynamics, unlnc stability (wind) axes, are 

(C^p- 2 p) /3 -209'-+' Cl ^ O (o.) 

/< Cj,^ /3 Of +■ (% 

-t-yU Cjj <f ^ ^ ^ ^ ^ 

^ Ct^ /? + l^~ Jq d) D9' -h(^ D + D^) 

' +' /^ C^ St^ -h y^ r <Cx “ 

• 

In conluctlnK steady state lateral fllKht 

• #1 •. •• 

testlnj^, where p-f-<p^<p~0 ,ltls convenient to 
use the time derivative rather than DV', the non- 
dlmenaional yaw rate. Tmp~slng the atea'^y state condi- 
tions, the enuatlora cf motion become 

C^p p — Cl -f- Cl ^ -h C/^ ~ O ' (q) 

Cjp p iv ^ ^ ^ ^ M (2) 

P +■ rv ^ ^ 4 ^ U " o (c) 

Tn these e(|uatlons there are five variables ( f3 ^ 4, 4.}. 



In steady state flight testing methods particular 
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varl??b1ea ^re elJailnntei '^y <?Dec5nl night mariuevera. 

The three possible rnnnuevers are the perfect turn ((3= o) , 
the straight nldesllp (J^=0), nrd the skidding turn 
O ). 

The perfect turn and skidding tu-^n mnneuvera 
are primarily used to determ'ne the damping derivatives 
'^Ip* cross derivatives Dip and C^^p. 

These tents v;ere not co’^ducted. 

For the straight sldeenp maneuver, the equa- 
tions (S) reduce to the following:. 

(B -f- (2 l (p -f- G «iv ■" O ^ 

0 f cfo. ~h = O ih>) (3) 

^ O 

The airplare was instrumented no that the 
varl abl es <5v and could be recorded and the co- 

efficient Cl determined. 

The secondary control moments are expressed In 
terms of the primary moments as follows: 
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t^'i! and hy is the vert c^l di-^t'^nce from the airplane's 
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X to the centroid of the vertical t^ll. 

^ewrltlncr the eojetl or.'’ (:)), tr e 'final working 
form won obt=’lned. 



^7 <3 ^ ^ ^ ^'^6'X, ^ ' 0 (<^) 

CxeP + Cjti^ &.+ Kz c£v = O Cfo) (7) 

C-^g 0 + -t- 1<3 C-^s^ Sc^ = O (.c) 



known torques were applied to the aircraft and the control 
I’lovement recessary to overcome this torque was ea'^lly ccn- 
verted to control power. To 'eterra'ne It. , the rolling 
moment due to aileron, a knovns weight was hunr on the 
left v/lngtlp. This Introduced <a known rolMnc moment co- 
efficient 



The yawlra- moment due to 'aerodynamic dr^’g of this weight 
wag c’l culsited to be neffllmible. 

In wings level flight ( O) , the rolling equil- 
ibrium equation from (7b) '’nd (8) Is 



7 - I^Z S^x, ^ - 0 (9) 



At zero sideslip then, the ailerons must be deflected a 



v/ag ''aaijmed enusl to rero. Thus the aileron control cower 
v;a 3 



To determine the primary control moments, two 






The rudder 





{ 10 ) 



0 



by Introducing: ^ known y«^wlng moment ebcut the elrplsne'e 
2 oxis end brlnnclnK It by rudder deflection. 

Urlng e str'^ln grge Instrumented tow target 
sleeve stt^cned to the wlnK tip, the known yewing mcment- 

■ (f!) 



- -73^ 



The y'’v;lng equilibrium equation became 

Teat data "t ^ero "llesllp, sleeve on and off, gave. the 
dlffercrce of rudder deflection required. Gonslde-’ing as 
a'flrat a nprox 1 raotl on that the aileron adve-’se yaw, 

/a. , was zero, the rudder power was 



deturning to the assymetrlc weight teat, the 






difference of rudder arg’ "'s required for tr^m betv/een 
weight on and off Is due to the yawing moment of the add- 
itional a'lio^Qi-) deflection. From equation (7c) 

Ct,^ P cCt - O 

can now be. solved for , thus: < 



K. = - 



c 






^ X*c 

^ / C6 



Iteration of the coefficients 



'1/a. * "'n/^ 



(14) 

and of 



Kt was used to obtain the most accurate answers for the 



data collected by the following equations: 
/a _ 

- __ 



(/5) 



a 









(/ 6 ) 



Finally, the three secondary control moments 
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(b), 



prd ( 5' . 




G'^n be o-Jt^lnecl from equations (4), 



Knowln'" the primary and secondary control moment 
coefficients, the '^t'^tic lateral stability derivatives, 

'ly^ , and , were determined from the vStr'^lsht aide- 

s'' ip equations (7a), (7b), and (7c). The slopes of the 



flierht test d-^ta curve® tbrouch sero addea'’in are used in 
the following eouaticns to determine the static lateral 
and directional derivatives. 
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E^UIPy’TT AKD P^CdEDUlES 
The test vehicle used to obtain flight data was 
a lyan favirn, N5H3K. This is a four-place trarsoort 
powered by a 205 HP Continental engine. The aircraft was 
standard In configuration »xoept for the modifications 
made for these tests, and Js pictured in Elgs. l, 2 and 3. 

In orier to mount the equipment required to place 
known rolling and yawing momenta on the aircraft, two steel 
lugs were fastened to the outermost stAffe^ing rib of each 
wing. To e®ch of these a standard U. -3. Kavy Mark 8 bomb 
shackle v/as attached. These shackles are manually operated 
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f 



and were activated by steel ca. les led tbrouKh the wing 

to the cockpit 3). 

A boom with a yaw vane att'>cred was mounted so 

sa to extend forward from the left wlngtip lugs (Fig. 1). 

Vovemert of the vono ener ‘iced ''r autosyn tra'^smltter 

mounted within streamlined sospe. This boom w^s sufficient 

1 

Iv lone so that it v/as loirlcal to assume that the vane wag 
not affected by the aircraft presaure field. /'nother boom 
extended aft, from the rie’nt wing tip lugs. Th's was used to 
gup^'ort the equipment required to give a kr^'wn yawing moment. 
VI g. 3 shows this a^’rangement . 



For the series of tests designed to measure Ci , 
a "bomb", actually a 3t>:"eam’ Ined sr are made of stock steel, 
was carrie.d on each oo"^ shackle for takeoff. Although 
t ese bombs weighed approximately 80 noun'^s each, no undue 
stress concentration was noticed during takeoff or during 
•any maneuvers. ^fter takeoff, the right bomb was dropoed , 
and a series of teats made with the known weight (78 lbs., 

5 os.s.) on the left wlngtip, (Ali takeoffs and landings 
were made with; symmetrical loads since there v/as some doubt 
if the s5r’c'”aft would have sufficient ajieron power at low 
meeds in the unba''anced conditicn. It is fe^t that this 
v/as unnecessary.) '^hen tne bomb' on the ieft w'ngtip wag 
drooped and the same tests made in the ciean co»^f iguratl on . 
Jn this way, duplication of atmospheric cond'tlons was ob- 



ts Ined . 






*• 
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To ietormlne ^ "tand'^rd U. N^ivy y^rk 

23 , Vod C, '^O root tow target* ^leevG w<>9 tov/ed bshlnd the 
right wlngtln. i^ricrinnl ly, takeoffs were "li^de by stretch- 
ing 450 feet of nylon line, with the sleeve attached, nhced 
of the airplane, A maxlmuni perf^miance takeoff was m-'’de 
and the target "snatched" Into the air. Power limitations 
of the aircraft coupled with the roughness ap^ short length 
of the field precluded any ouccessfu.l "snatcues" without 
approximately 10 knots of headwind. 

These limitations finally caused a redesign of 
the ■'ystem to that shown in "’Ig, 2 . Jn this ay.ptem, the 
target waa fastered to the rear of the fuselage with 150 
feet of line and the remainder of the line looped from the 
tail to the wlngtlp, After takeoff and c''lmb out, the tail 
attachment oclnt was released ar^ the target' supported by 
the wingtip. 

Some difficulty was experienced on several test 
flights when tho tow target started to oscillate and rotate. 
The only apparent cause was that the target v;as In the wing 
vortex trail. By placing a five pound weight on the target 
auoport ring, this difficulty was alleviated. 

To measure tine drag of, the target a strain gaae 
unit waq deairped ard pi aced Irectl y aft of the boom, 
Electrical wires were led through the wing structure and 
readings made on a Baldwin BR-4 strain gajte box in the cock- 
pit. Immediately aft of the strain gage a "pelican" type 













i 
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reTep^se ho ' k pttp^heni v/5th ^ot5vflt,3ng cp le led 

into the cockoit. The target v^s re'’eP5ed o-’^3or to lend- 
ing ''’^d on ell unsuGceo'-f ul "pnetchen" . -"Ig. 3 eh''W3 the 

right wingtip ^mr g-- ent . It wp® found ebnolutoly eeeen- 
ti''l to h'pve e deDerdeb''G e^'rlng in the line to tn.ke out 
pr>y tv;let ceueed by rotntion of the target in the air. 
rnce '^g'^in tb-"^ s^’oe te^t? were run in the eienn confi gum- 
tier in order to dupllop'-e '’tnoep'ne ’i e conditions. 

To meeeure control deflections one putosyn trans- 
mitter w'-s Tiourted on the r’udder purfece end •’nothe*'* on the 
pileren contro"' c°ble. This e uiomert prround c'^li br-pted . 

It 1 ft. intere^t^ rg to note th«t on‘'y differences end slooes 
of e mee''ured puentitiee were use' in the computpti ons . 
Therefore it •■/e'-' rot ’^ecessery to determine eccuretely the 

i 

"oro points of co- trol deflections or sjdeelip indications. 

1 sterderd double needle nutosyn receiver-lndi cptor wns 
mounted in the cockoit ^nd with suiteble step-up pulleys, 
l-ercre Indicator Reflections were obtalred for smell control 
Reflecti '.ns . 

3ince tnese te-'ts were beir.g ccrducted corcurrertly 
w' th encther se-ies oh the eircr'ft, sideelip in'Mcetions 
were obtained by corverting the putosyn tmnsmittpr output 
to e direct curre’^t vn"’tetr9. le^dirg? were i-hen upde on p. 
direct current vo''tmeter. 

^ stpn-isrd inclinometer vres mounted in the esekoit 
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perpend j cular to the roll axis of the eircr'^ft 5n order 
to read roll an^^le. Nith proper '’hock mountinw to damp 
out, high frequency vlcr'^tlong, this gave very natl rf nctory 
results . 

■^^ven though the primary purpose of this investi- 
gation was to deter-iJne the feasihllity of obtaining Ge,rtain 
of the 'lateral and directional atabi'lity derivatives by 
static flight te^t meons, the variation of these derivatives 
with aircraft soeed, power, and flap deflection was also de- 
sired. To accomplish this end, seven serbos of te^ts v/ere 
made. '/1th power for level flight, tests were aade '^t 80, 
100, and 120 ml''8s per hour. Por the three tests made at 
each speed, i.e. assymetrlc weight, asQymef'jc drag, end 
clean, the engine speed was held conatart, 1800 rpm for 80 
■non, 190^ rpfn for 100 Toh, and 2000 rpm for 120 mob. The 
same socles of toats were then conducted at 80, 100 apj i?o 
moh with tnaxlmum continuous power no’^lled. For this aircraft 
maximum continuous power is ll-^t d as 25 Inches ma.nifold 
paesaure a>-d 2300 .rpm. In these te^ts of course, the air- 
craft c"' imbed, in addition, a series of tests were made at 
maximum continuous power w'th full fap def'octlcr. Results 
of al'' tests are shewn on ^’ig. ^ throu-ah Fig. 17. 

In al'’ con fi cfuratl ens , the data desired was T 

and ^ at various arglos of sldealjp,^. "’he b^ot method to 



12 



obtain 'lata waa to 'leflect the rudder and atop the aircraft 
from turning by deflecting the aileron. Then readings were 
taken. Tn addition drag readings frv'-rn the strain gage box 
were taken for the runs when the target wae being towed. 

4 

Ttr-aight flight WPS maintained by constant referance to the 
directional 5ryro. 






The data obtained frdm the sever different test 
conditions w^q plotted in Tigs. 4 through 17» and results 
computed from these curves were listed in Table II. As the 
analysis of results was identical in all seven configurations, 
only tV;e power for level flight run at 100 mph will be discuss 
ed in detail. 

At Vj^ = 100 mph, q was found using the aircra.ft 
position error chsrts to be 27.7 lbs. per sq. ft., 2 t was 
.519 ='nd by w*=s 2.3 ft. 

=^rom eauaticn (8), 0]^^= - .00769 . Equation (11) 
crave a v'^lue for .00971. 

Using equation (10) and an aileron deflection at 
ae^o aide'^lln from 'f^la:. 6 of 3.6®, the aile’’on control power 




124. 



From e uatlon (12) 
m'^tion of the rudier control 



'’nd '^ig. 7, the first apnroxl- 



pov/er was 




;£0±ZA _ _ 




at 
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Kovnt the proportionality factor coul^ be 
coniputei by equation (13), uclng the control deflections 
«t ”000 side°‘'ip thus: — 1/6 — v 

-^4 • -te = ~-/04-. 

Iterf’tion of these coefficients by eouaticns 
( 1^) , ('•5), '■rd (13) produced the following final v'>lues 
= .l'^4 



'V. 






K-, 



= -.119 
= -.107 



!^roni equations (4), (5) "^rd (6) the three second- 
ary control moments v/ere found to be 

Cl = .0166 



'n 



= -.013? 



Scc 

■''’ln''lly, usln^' the roll angle, rudder an.519 and 
o i 1 eron arg^e slopes from ?lg. 5 , the st^'tic lateral 
deriv''tives for = 100 raph v/ere determined from equations 
(17a), (17b) -nd (17c). 

= -5A6 
% =-. oe 65 
% = .!« 

’Examination of the >^esults in T^ble shov/s the 
variations in the computed values of the primary control 
-'owers, secondary control pov/era and stabidity derivatives 
with the change in spaed and power conditions. These 
var'‘aticns are to be exoected ’^r.d tie Influencinc-' factors 
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?.re aet'jlo'l bslow. The 1 j -nj tine; .^iccur'^cy In the°e c.'^l- 
culgtionp w?s felt to be the inherent Ineccurecy Involved 
in meeeurlng •’nd recording fliglt test det^, then subse- 
quently f'^iring curves and atte'aptlng to read control de- 
flection differerces closer than 0.1°. In particular, the 
aileron deflection measuring system v/as attached at the 
control column and thus no accurate account could be taken 
of cable stretch even though attempts were made to "load" 
the ailerons during the ground calibrations. 

Table 71 and Fig. lb show that decreases ag 

aneed Increases. Hlnce aileron control cable stretch would 
increase s>g dynamic pressure increased, this could parfi'ally 
contribute to the ’’eduction in ai'!e’’on po’.%'er at higher speeds. 
The normal lessenlncr of aileron power as Ct decreases and 

j * 

( 

any wing twist at higher speeds would also account for some 
of the noted reduction in G. ^ . 

From :’.aole 13 and FI-:. 18 ' Is seen to decrease 

with an increase in velocity. Since the ”udder lies ’within 
the s’ 1 os t^’eaT , this wouli bo expected. “S for'/ard speed is 
Incresgej^^ tre off ect 'of tl'.'e sliostream decreases, and less 
force is exerted by the ru'^der per degree of deflection. 

G, Isa function of 0 ^^ "nd might therefore be 
expected to hecresse as velocity inc 'easen. However, ar. 
velncity IrcreaoGg the attack dec ’“(.iges . This will 

increase hy and from e' uation (5), ^Ij-^ vwould ”e increased. 

The aileron advers-^ y‘’w, Gn - ie seen to decrease 

/a 
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v/l th speed. Aileron ’^dve ’se 's oartislly the result of 

tb;e Increer-e In Induced dr^g which accompanies the Incrense 
In lift of the wing when the a-iloron is deflected dowwnrd. 
lince Induced dreg is « function of it is expected that 

It would tend to decrease aq velocity Increases. 

The aide force derivative, G„^ , °hould theoretically 
stay constant with chargee) speed. The minor variations 
noted in '.’able IT a^d'^lg. 19 could possibly be caused by 
chances in tne interference ap^j qj^ev/°a( effects of the 
fuselage and sllost''eam aq qpeed Is changed. Thl^ would 
affect the.anc’e of attack of the vertical tail differently 
at t .e il‘‘ferent speeds and pov/er conditions. 

D ’ ■■’ecti cnal atabiiity, is s'^nost exc''usjvely 

deter ined by the vertical tall. ^Ince the ve’atlcal tall 
lies within the slipstream, G^^ woul ’ be expect'-'d to decrease 
as sl'nstrearn becomes leas effective, 1.“'. ag qpeed increases. 
This was noted in Table JJ ap^ ’^Ig. 19. Gomoarinm Gn^ at 
the same s "leed and dlff^'^ ’eat power settings. Table IT shows 
that the di’aect’cral stability is neduced ai'igy^iyj og power 
is Increased. This might be explained by the fact that 
tractor propellers are deatabi li-inc ap tr.e power is increased. 

Is expected, dlhedrrl effect, G^^ , Is seer, to 
charges very little witn vaioc'ty. ^ possible reaaon for 



t! e sma 1 

^ pGR'? * n 

one wire 



decrease in ag oower 

that the added silnatream d 
more than the other ag the 



is jag ‘eaae.l at corstant 
;e to the powc” acts eve 
aircraft 's ^ ^ ^ ^ 



|0> 
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This Intro-^uces rolling moment wh^ch would decreese the 
m'ignitude of . 



It l3 difficult to explain the varl^tlon^ seen 
in Tpble JJ ^r.z on Pigs. l£ and 19 in the computed v'llueps 
of the several derivatives when the flaps were deflected. 

Gome of the variations can be rati onall-^ed however, and 
these will *'e discussed, Glnce ttie flaps tend to Interfere 
with the flow of the propel’’er slipstream over the. vertical 
tail, the reduction in Gj, , Is to be expected even thouch 
the speed Is lower. The minor variation of Ct , from what 
would be expected at low speed is not explainable. 

The flap hinge line on the t°st aircraft was 
swept forv/ard a small amount. This wou'’d partially account 
for the Increase in the magnitude ^ Gy^ and the decrease in 
G']_p . The Interference of the deflected flaps with the 
'^llostream would also indicate a decreased V'lue of Cn„ 
from clean condition. 

A refir meat in the method of solution for primary 
and secondary control moments could have been used If an 
accurate determination of yawing moment of the weight and 
ro''''ing moment of the sleeve had been m^de. In this pro.iect, 
bomb drag w«a calculated and found to be negligible. 7lo''ling 
moment of the sleeve could be found if an accurate -^etermlna- 
t on of the angle between the tow line and the aircr'^ft's 
K axis (ncrl~on) we’^e made. 



hen from equation (3)(b) and (8), repe'’ted here 
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C£f3 (3 + f Oav ~ O i^b) 

two dlfferonci? equ?5tjono Rt ?.ero sldepTip coul^ be wr3ttep: 

BOM a- ^ o (T^ 0 M o ~ O (■ ^ S) 

d,y^ SLE £ \X £ H,£e i'£‘ C 0‘£ ^/g- ~ O (, ! ^ ) 

The first =nprox3 ^etlon of would cl ve »n liertlcal 

answer for es the method used In this report. Fowever, 

w^th sn RGCurete control defection meosu’^ina; cystein end the 
^bcve mentioned moments, It’wns f e'' t thnt elmulboneous 
solution of the-^e equetlons would provide a more accurate 
determlrotl on of wh'ch would net -’epend on the question- 

able measured values of hy and ly. 

Similarly equations (3)(c) and (11) can be written 
as difference equations at z.ero sideslip. 






+ c yyyyr 



= o 



izo) 



S'V iL£ty£ 4 ^^SLCeye '^^■^SL££Vi~ ” O (Zj ! ) 

Solution of these equations elves C„ and without the 

1^4/v n<f«^ 

iteration procedure previously used. 

It war felt that stat'e flight testing procedures 
are easily accurate enough to Justify this method of solution. 
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CONCT U^,JCK3 

The flight toPtiriK >'ecu5r*ei for thl<? rretVorl of 
letemin^ tl or of the static lateral anrl cl i recti ons.1 stability 
derivatives Is ■•’elativoly easy to p-arfcrm. 

The primary and seccndery aileron and rudder control 
momenta are determined directly by the flight tests. 

Trstrumertatlon necessary to obtain required flight 
test d°ta is not complex jg reasjTy available. 

■•(eductlcn of flight test d-'ta aad the ccrnputationa 
necessary to extract the st'^blllty derivatives are fast and 
strsi ’■htfcrward. 

The dir ction.al stability and effective dihedral 

were found to change martced''y v/ith aircraft ve^'ocity, Por 

the airc'^aft tested, t ere was s distinct decrease in 0-^ „ 

p 

and as speed lncroa<^Gd. Therefore, it is recommended 

that sr ai rcraf t always be teated at various speeds and in 
1 1° different coiaf ir.uratl cna . 
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'’hrcu.gh Gteady Gtate flight Testing, fart 17, The 
Tateral Derivatives", G. D. Perk'ns, 1950. 
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TA^.T T 



iJT’TICr CF SYMBOLS 



Airplane velocity f.p.n, 
vlriiJ: eras (sq. ft.) 
v/lng span (ft.) 

T.anscth c.g. to vertical tall centroid (ft.) 

Vertlc'*! t‘=ll centroid to '< axis (ft.) 

Airplane T.lft coefficient 
Dynan'c prea=^ure (lbs. /sc. ft.) 

Side force coefficient Y/qs 

YoVlng momeDt coefficient I./qsb 

Yawing moraert coefficient N/qsb 

Airplane relative de’^slty m/fsb 

n 1 f f ere’"t J a 1 ocer^tor 

Sideslip angle 

Yaw angle 

Sank angle 

Ijdder angle 

Aileron angle (average) 

Side force derivative (per radian) 

directional st'’blllty derlv'^tlvo (per radian) 




(per radian) 



Dihedral effect 
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TABT^ II 



level FI 1 'ht Power Moxltnun Continuous Power 



1800 -1 PM 


1900.iPM 


2000 IPM 


2300ilPN: 


23OOIPM 


2300 1PM 


P3007.PM 

FF 


^1 


80 


100 


120 


80 


100 


120 


70 


q 


17.7 


27.7 


37.9 


17.7 


27.7 


37.9 


13.6 


G*j - • 

^3omb 


01204 


-.00769 


-.00567 


- .01204 


-.00769 


-.00567 


-.01568 


Sleeve . 


01150 


. .00971 


.00897 


.01150 


.00971 


.00897 


.01060 


CL 


.811 


.519 


.390 


.811 


.519 


.390 


1 .06 


'^ornb 


4.7° 


3.6° 


3.20 


4.3° 


3.5° 


2.9° 


7.8° 


V, 

^omb 


1.5° 


0.40 


0.1° 


1.2° 


0.9° 


0.40 


0.7° 


^Sn 

3 eeve 


4.6° 


4.80 


4.PO 


4.9° 


5.6° 


5.7° 


5.5° 


S '' eeve 


0.8° 


1 .10 


O'. 8° 


O.8O 


0.8° 


1.0° 


0.6° 




.152 


.124 


.101 


.164 


. 1 ->9 


.100 


.115 




-.151 


-.119 


-.107 


- .140 


- .105 


-.09^5 


-.112 


K3 


-.318 


- . 107 


- .032 


->-37 


-.^09 


-.124 


-.087 




.0130 


.0166 


.0166 


.0119 


.0141 


.0143 


.0152 


r \ 


.0561 


-.0138 


-.0032 


-.0388 


-.0270 


-.0124 


-.0100 


n 


.291 


.036 


.203 


.P66 


.200 


.176 


.213 


‘'V 


.39 


.58 


.87 


.44 


.61 


.87 


.46 




.98 


1.14 


1 .3d 


1.17 


1.16 


1.39 


1.28 


‘^^yjp 


.47 


.55 


.57 


.48 


.49 


.56 


.13 


n 

^y/s 


-.616 


- . 546 


-.595 


-.671 


-.551 


-.560 


-.760 


'^Xf? 


.0905 


-.0865 


-.08P2 


-.0957 


-.0814 


-.0736 


-.0344 


n 

^r\f3 


.181 


.144 


.141 


.180 


.140 


.118 


.144 




Fig. 1 Test Aircraft Showing Bombs 




Fig. 2 Test Aircraft Showing Tow Target Sleeve 




Fig. 3 Detail of Ri^t Wingtip 
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